Orbital Angiography [Abridged] by Glyn A S Lloyd BM FFR (Moorfields Eye Hospital, City Road, London EC])
The two methods of investigation which form the subject of orbital angiography are orbital arteriography and orbital venography.
Orbital Arteriography
Since nearly all patients suspected of having an orbital space-occupying lesion will present with some degree of proptosis, the purpose of a carotid angiogram on these patients must be, first, to exclude any intracranial cause for the proptosis and, secondly, to demonstrate any possible abnormality in the orbit to best advantage. The examination must, therefore, combine an adequate study of the intracranial vessels with a detailed investigation of the ophthalmic artery and its main branches; and to do this some elaboration of the normal technique of carotid angiography is required. At Moorfields we now take four routine angiogram series on a patient sent for investigation of a probable space-occupying lesion in the orbit. These are as follows:
(1) A standard lateral angiogram series.
(2) An anteroposterior series: This is slightly modified from the anteroposterior position normally used in carotid angiography in that the ophthalmic artery and main branches are projected through the orbit. Unfortunately this view does not provide a really satisfactory second projection of the orbit since the ophthalmic artery is seen end-on.
(3) Modified axial projection: This provides a second plane of visualization of the ophthalmic artery and its main branches, and is an essential part of the investigation, since it allows demonstration of displacement of the ophthalmic artery in the horizontal plane. The position used is not a full axial or submentovertical view, but is closer to the over-tilted occipitomental view that is used by radiographers for the demonstration of fractures of the facial bones. Alternatively it can be thought of as an undertilted submentovertical projection.
With the films so obtained it should be possible to make an exact localization of any pathological circulation in the orbit, when taken in conjunction with the lateral series. The importance of this projection for the demonstration of vessel displacement in the orbit cannot be overstressed. (4) Macro-arteriography: The fourth and final set of films taken is a series of lateral macro-angiograms. An enlargement technique is useful in the orbit because of the small calibre of the ophthalmic vessels and because the image of pathological structures on standard size films may be very smallabnormalities measuring only 2 mm have been demonstrated.
To obtain x 2 linear magnification or x 4 area magnification the patient's head needs to be placed halfway between the X-ray tube and the film. The X-ray tube must have a 0-3 mm focal spot to allow this amount of enlargement without undue blurring of the radiographic image. It has been shown (Lloyd 1969) that there is an absolute improvement in the fine detail of a macroarteriogram as compared with a simple photographic enlargement of a standard arteriogram.
Subtraction Technique
The technique favoured by the author is a photographic method which has been described fully elsewhere (Lloyd 1969 ). An adequate method of subtraction is indispensable for orbital angiography, and no radiologist should undertake investigation of a case of proptosis by carotid arteriography unless an adequate subtraction method is available in the department. Sooner or later orbital abnormalities will be missed or misinterpreted without routine subtraction studies, and since a faulty technique may also lead to error in diagnosis, the radiologist should, whenever possible, make the subtractions himself or at least supervise them closely.
Orbital Venography
The method used by the author is that originally described by Vritsios (1961) in which the frontal vein is used as the route of injection. In the majority of patients (approximately 80 %), this method is very simple to perform, with a relatively easy venipuncture. The whole examination takes very little time to complete and is normally performed on an out-patient basis. It is now the first contrast examination performed on the majority of our patients presenting with proptosis and a suspected intraorbital lesion.
The injection is made into the frontal vein or major tributary using a 21 gauge needle, and normally 10-12 ml contrast medium is injected. There are two points in the technique which require emphasis: at the moment of injection both facial veins must be compressed manually by the patient to force the contrast medium into the --*-, Inferior petrosal sinus orbital venous system; and it is also essential to place a rubber band around the hair-line to prevent escape of contrast medium over the scalp. An advantage of the technique is that both superior ophthalmic veins fill simultaneously, thus allowing a direct comparison of the abnormal side with the normal orbit; in this way minor displacement of the veins can be detected. A plan view of the orbit is a useful extra projection, and may show displacement, not easily detected on the anteroposterior view. Good contrast filling in this plane will show the cavernous sinus on both sides, and also the inferior petrosal sinuses; this allows demonstration of pituitary enlargement by displacement of the cavernous sinus (Fig 1) . Shiu et al. (1968) , using catheterization of the inferior petrosal sinuses, have shown the advantages of basal sinus venography in detecting early enlargement of the pituitary. Their technique involved bilateral catheterization of the internal jugular vein. As can be seen from Fig 1, adequate filling of the basal venous sinuses may be achieved by frontal vein injection and this comparatively simple technique must make it the method of first choice. Certainly the test should now be applied in any case with doubtful pituitary enlargement on plain X-ray and also to show the lateral extension of an established pituitary tumour.
Apart from the demonstration of a spaceoccupying lesion by displacement of the orbital veins, an abnormality may occasionally be demonstrated in the orbit, by filling of a pathological circulationfor example, the venous component of an angioma may fill. With regard to orbital varices, it is sometimes easiest, especially in children, to find a superficial varix and inject it directly. This also ensures that the pathological veins are filled. Another method we have employed is to inject the veins directly at orbitotomy, which may be a useful procedure especially in young children in whom the standard technique may be very difficult and good preoperative studies almost impossible to obtain. The number of radiological investigations which may be performed for the discovery and demonstration of a cerebral tumour has increased to eight or nine. For many reasons it is no longer appropriate to proceed from investigation to investigation without careful thought about their relative values. A frequent choice is that between carotid angiography and brain scanning; but comparative data are very scanty in the literature (Goodrich & Tucker 1965 , Overton et al. 1965 , Witcofski et al. 1967 , Kennardy et al. 1969 .
During the years in which brain scanning was introduced, it was correctly assumed that plain X-ray studies should come first and then the safe procedure of scanning should precede carotid angiography in virtually all tumour suspects. If, however, it can be sbown by analysis of previous cases that in a particular kind of patient the brain scan is bound to be followed by a necessary carotid angiogram, the argument for doing the brain scan first falls to the ground. Further, if it can also be shown that the carotid angiogram provides the same information and more than the scan, there are grounds for questioning whether the scan should be done at all. Ultimately the choice between two investigations must depend not only upon the amount of
